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I.  SUMMARY  OF  RESULTS* 

A.  Ferroelectric  Liquid  Crystals 

Ferroelectric  liquid  crystals  (FLCs)  are  attractive  for  electro-optic 
applications  because  the  linear  coupling  of  local  molecular  orientation  to 
applied  electric  field,  E,  has  two  basic  advantages  over  the  typical  quadratic 
dielectric  coupling  operative  in  nematics,  both  of  which  enhance  response 
speed:  stronger  field  induced  torques  at  low  E,  and  polarity  which  allows 
molecules  to  be  driven  in  either  direction  by  selecting  the  sign  of  E. 


Our  work  to  date  shows  that  this  SURFACE  STABILIZED  FERRO-ELECTRIC  LIQUID 
CRYSTAL  (SSFLC)  geometry  exhibits  high  speed  (microsecond  switching  times), 
bistability  (two  stable  states),  response  threshold,  and  large  electro-optic 
response.  These  attributes  make  the  SSFLC  the  most  attractive  liquid  crystal 
mechanism  for  use  in  a  variety  of  electro-optic  applications  from  single 
element  laser  modulators  to  passive,  matrix  addressed  array,  graphic  or 
pictorial  displays.  We  have  undertaken  a  research  program  aimed  at 
understanding  and  developing  SSFLC  properties. 

We  have  studied  SSFLC  switching  dynamics,  using  optical  microscopy  with  a 

pulsed  nitrogen  laser  pumped  dye  laser  light  source  to  stroboscopically 

photograph  various  intermediate  stages  of  switching  with  20  nsec  time 

resolution  (9).  This  work  has  led  us  to  formulate  a  model  for  the  switching 

process  (5).  In  order  to  understand  the  various  switching  structures  and 

regimes  in  detail  it  is  necessary  to  obtain  static  and  dynamic  solutions  to 

/  J 

the  equation  for  the  smectic  C  director  orientation  field  <|>(r,t).  This 
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nonlinear  equation  In  Its  simplest  form  (K  V  $  -  PoEsin$  =  n3$/3t)  subject  to 
the  nonlinear  boundary  condition  (K  -  Aysin2$  -  0)  has  been  solved 

analytically  for  a  number  of  the  simpler  structures,  including  static  linear 
domain  walls  and  domain  wall  loops,  surface  unwinding  of  the  ferroelectric 
helix,  and  domain  wall  motion  at  low  applied  fields  (3) , ( 14) , ( 15) . 

A  difficulty  which  must  be  addressed  in  both  basic  studies  and  device 
applications  of  SSFLCs  is  that  the  optimum  liquid  crystal  layer  thickness  can 
often  be  very  small,  on  the  order  of  1  urn.  Although  uniform  spaclngs  of  such 
dimensions  can  be  readily  achieved  using  optical  flats,  basic  SSFLC  studies 
require  that  such  structures  must  be  made  out  of  thin  glass  to  allow  high 
resolution  microscopy.  Furthermore,  for  device  applications  they  must  be 
readily  and  Inexpensively  fabricated.  An  additional  requirement  is  that  the 
glass  bounding  plates  be  free  to  slide  over  each  other  for  materials  which 
require  shearing  for  initial  alignment  of  the  smectic  layers.  To  meet  these 
requirements  we  have  developed  a  distributed  spacer  technique,  in  which  we  use 
ordinary  glass  microscope  slides  or  cover  slips  and  determine  the  spacing 
between  them  with  a  photolithographically  prepared  array  of  SiO  spacer  pads, 
which  can  be  made  by  evaporation  down  to  controllable  thicknesses  of  a  few 
hundred  Angstroms  (15). 

In  collaboration  with  the  organic  chemistry  group  of  Prof.  D.  Walba, 
Department  of  Chemistry,  Univ.  of  Colorado,  we  have  begun  a  small  scale  effort 
directed  toward  the  synthesis  of  new  ferroelectric  liquid  crystals.  This 
effort  has  met  with  a  significant  initial  success:  a  new  family  of  chiral 
liquid  crystals,  several  of  which  have  ferroelectric  phases  near  room 
temperature.  Since  directed  synthesis  requires  a  detailed  knowledge  of  the 
relation  of  structure  and  phase  behavior  we  have  completed  a  comprehensivew 
compilation  of  the  molecular  structures  that  give  the  smectic  C  phase  (13). 


B.  Liquid  Crystals  of  Disc  Shaped  Molecules 

We  have  developed  the  linear  elastlc-hydrodynamlc  theory  of  uniaxial 
columnar  phases  of  disc-shaped  molecules,  in  collaboration  with  Prof.  J.  Prost 
of  the  Bordeaux  group.  This  theory  is  based  on  the  general  approach  of  the  de 
Gennes  and  of  Martin,  Parodi,  and  Pershan  and  predicts  a  variety  of  novel 
effects  including  two  anisotropic  acoustic  modes  and  permeation  in  two 
dimensions  (1). 

We  have  carried  out  a  mean  field  calculation  of  the  Isotropic  -  Nematic  - 
Columnar  phase  diagram.  This  is  an  extension  of  Me  Millan's  smectic  A 
model  to  systems  of  disc-shaped  molecules,  and  it  predicts  qualitatively 
similar  behavior:  a  disc  nematic  phase  appearing  when  the  ratio  of  molecular 
radius  to  aromatic  core  radius  decreases  toward  one.  A  notable  difference  is 
that  the  nematic -columnar  transition  is  always  first  order  in  this  model  (4). 

We  have  discovered  that  columnar  liquid  crystals  of  disc-shaped  molecules 
can  be  drawn  into  thin  (diameter  =  1  Mm)  elongated  strands,  freely  suspended 
in  air,  in  which  the  columns  run  parallel  to  the  strand  axis.  Of  particular 
Interest  are  strands  of  tilted  columnar  phases  in  which  the  molecular  director 
(the  average  disc  normal)  is  tilted  with  respect  to  the  strand  (z)  axis. 

These  strands  are  characterized  by  $(z,t),  the  local  orientation  of  n  about 
the  strand  axis.  In  this  regard  they  represent  a  physical  realization  of  a 
one  dimensional  nematic,  i.e.  the  field  4>  has  Frank-like  elasticity.  An 
additional  feature  of  $(z,t)  is  the  occurance  of  orientational  kinks  where  n 
hops  from  one  stable  orientation  relative  to  the  column  lattice  to  another 


C.  Lamellar  Liquid  Crystals 

We  have  demonstrated  that  It  Is  possible  to  use  elastic  light  scattering 
to  obtain  quantitative  Information  on  the  structure,  dimensions,  and 
arrangement  of  smectic  A  focal  conic  defects.  Parabolic  focal  conic  (PFC) 
arrays,  generated  by  dilation  of  smectic  A  samples,  were  shown  to  give  rise  to 
a  characteristic  light  scattering  pattern,  analysis  of  which  provided  the 
focal  length,  f,  of  the  parabolic  line  defects.  We  were  able  to  prove  the 
existence  of  PFC  defects  with  focal  lengths  as  small  as  one  smectic  layer 
thickness,  suggesting  that  this  Is  the  minimum  focal  length  possible.  Since 
PFC  defects  with  f  this  small  are  not  detectable  by  microscopy,  this  work 
shows  that  light  scattering  can  provide  otherwise  unattainable  quantitative 
information  about  focal  conic  defects  (6). 

Biological  membrane  fragments,  whether  natural  or  artificial,  are 
sheet-llke  structures  which,  if  they  are  ordered  into  multilamellar  arrays, 
can  be  effectively  studied  by  various  biophysical  techniques  (xray 
diffraction,  dichroic  and  Raman  spectroscopy,  NMR,  etc.)  These  multilayer 
arrays,  in  which  the  sheets  are  planar  and  equally  spaced, have  the  smectic  A 
liquid  crystal  structure.  In  collaboration  with  K.  Rothschild  we  have 
analyzed  theoretically  the  formation  and  structure  of  smectic  A  multilamellar 
arrays  made  from  finite  sized  membrane  fragments  (8).  These  considerations 
have  led  to  the  design  of  a  new  process  for  the  production  of  multilamellar 
arrays:  Isopotential  Spin  Dry  Centrifugation,  in  which  arrays  are  compacted 
while  spinning  at  high  g  by  dehydration  onto  a  gravitational  isopotential 
surface.  This  method  has  produced  the  best  aligned  arrays  of  natural  membrane 
fragments  yet  available.  In  collaboration  with  K.  Rothschild  and  S.  Gruner, 
we  have  made  a  detailed  freeze  fracture  and  xray  diffraction  study  of  the 
structure  of  arrays  made  from  of  bovine  retinal  rod  outer  segment  disc 
membranes  (10). 
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